Drought stress is a condition that in specific climate contexts results in insufficient water availability and often limits plant productivity through perturbing development and reducing plant growth and survival. Plants use senescence of old leaves and dormancy of buds and seeds to survive extreme environmental conditions. The plant hormone ABA accumulates after drought stress, and increases plant survival by inducing quick responses such as stomatal closure, and long-term responses such as extended growth inhibition, osmotic regulation, accumulation of cuticular wax, senescence, abscission and dormancy. Here we focus on how the long-term ABA responses contribute to plant survival during severe drought stress. Leaf senescence and abscission of older leaves reduce total plant transpirational water loss and increase the transfer of nutrients to meristems and to some storage tissues. Osmotic regulation favors water consumption in sink tissues, and accumulation of cuticular wax helps to seal the plant surface and limits non-stomatal water loss.
Introduction
Global warming is leading to more frequent extremes in weather conditions. Paramount among these changes is the increased occurrence and duration of drought. Drought is a meteorological term that is often used in the plant biology literature to refer to limited availability of water. Salinity is an environmental term that indicates an inability of plants to obtain and use an adequate supply of water. Both of these conditions are causing serious reductions in the productivity of agriculture and survival of plants including crops.
Nearly 80% of available fresh water sources are used for agricultural purposes. With limited fresh water resources and more frequent extreme drought weather conditions, a serious reduction in the productivity of agriculture is predicted. In fact, global food security, without serious intervention, is greatly threatened by the changing agricultural environment coupled with continued expansion of the human population and more use of animal products in human diets. These products have grain to animal conversion rates ranging from 2 : 1 to 21 : 1 (Pimentel and Pimentel 2003) . Further exacerbation of this largely unappreciated crisis is driven by the stealthy loss of arable land to urban and commercial development. Since no significant source of unused arable land is now available, increased food productivity is entirely reliant on very few options, of which the increased ability to use saline water, and an increase in water use efficiency of crop plants will have the greatest impact. The absolute requirement of plants to obtain and use water is underscored by the fundamental use of water in the organic metabolism of photosynthesis and its role in the absorption and distribution of K + , PO 4 -, SO 4 -and many other essential nutrients. Important as these functions are, the vast majority of water used by plants is required for the acquisition of carbon dioxide through a gas exchange process. Based on this reality, we can only reduce but not avoid the loss of productivity of crops under extreme drought conditions. Stomata-controlled gas exchange involves the intake of carbon dioxide and the release of oxygen and water vapor. Plants close stomata in response to drought by producing ABA, which is a rapid response (it occurs within minutes) that blocks most water loss and gains time for long-term responses to be established.
To survive severe and persistent stress episodes, plants have evolved a cascade of responses to control overall water use efficiency. These responses involve mechanisms that include growth inhibition, osmotic regulation, the accumulation of cuticular wax , and leaf senescence followed by abscission ) and dormancy (Volaire and Norton 2006, Rohde and Bhalerao 2007) . Adaptive senescence of leaves is often confused with injury responses and can be associated with yield losses. Under many conditions of osmotic stress, it is therefore reasonable that the activation of senescence will negatively impact total biomass or yield over short time periods (Rivero et al. 2007 ), even though it may, over longer time scales, increase survival and yield of plants . Crop breeding thus has mainly used yield or biomass productivity, but not survival, as a selection trait (Blum 2011) . This confusion has contributed to the overwhelming use of reduced senescence symptoms for selection of 'tolerance' to the neglect of senescence and resilient dormancy traits.
Plants accumulate ABA in response to osmotic stresses, which is regulated by the sucrose non-fermenting (SNF1)-related protein kinase 2s (SnRK2s) (Fujii et al. 2011) . Increased levels of ABA are perceived through control of an ABA core signaling system that co-ordinates many adaptive responses. As shown in Fig. 1A , ABA is sensed by the pyrabactin resistance 1 (PYR1) and PYR1-like proteins (PYLs) , which are also known as the regulatory components of the ABA receptor (RCAR) family proteins (Ma et al. 2009 ) (hereafter referred to as PYLs). In the presence of ABA, PYLs interact with and inhibit clade-A protein phosphatase type 2Cs (PP2Cs). The inhibition of PP2Cs leads to the activation of the SnRK2s, including SnRK2.2, SnRK2.3, SnRK2.6, SnRK2.7 and SnRK2.8 Zhu 2009, Mizoguchi et al. 2010) . The activated SnRK2s phosphorylate transcription factors such as ABA-responsive element-binding factors [ABFs, also known as ABAresponsive element-binding proteins (AREBs)] to regulate expression of ABA-responsive genes (Furihata et al. 2006) , and other substrates related to stomatal movement, production of reactive oxygen species, RNA binding, microRNA (miRNA) and epigenetic regulation, chloroplast function and many other processes (Umezawa et al. 2013 , Wang et al. 2013 . Furthermore, ABA signaling can also be activated by the ABA catabolite phaseic acid through binding with specific PYLs (Weng et al. 2016) .
The induction of stomatal closure by ABA is controlled by the core ABA signaling pathway Zhu 2009, GonzalezGuzman et al. 2012) . The release of anions by the guard cell plasma membrane through slow anion channel-associated 1 (SLAC1) protein is ABA controlled, simultaneously with the inhibition of K + influx at the plasma membrane through K + channel in Arabidopsis 1 (KAT1). To stimulate stomatal closure, the ABA signaling component SnRK2.6 (also known as OST1 or SRK2E) phosphorylates the slow anion channels (SLAC1) and KAT1 (Geiger et al. 2009 , Sato et al. 2009 ). This phosphorylation activates SLAC1 and inhibits KAT1, so that it leads to water and turgor loss and results in stomatal closure. The activity of KAT1 is also inhibited by SLAC1 and SLAC1 homolog 3 (SLAH3) by direct protein interactions ). SLAC1 and SLAH3 are also activated by the Ca 2+ -dependent protein kinases, CPKs (Demir et al. 2013) . CPK-dependent activation of SLAC1 and SLAH3 is blocked by PP2Cs (Brandt et al. 2012 ). Interestingly, SAL1-PAP (3 0 -phosphoadenosine 5 0 -phosphate) retrograde signaling regulates stomatal closure in an ABA-independent manner (Pornsiriwong et al. 2017) .
In addition to transport of ions at the plasma membrane, the movement of ions across the tonoplast is of equal, or more, importance since the volume of the vacuole is an order of magnitude larger than that of the cytoplasm. Thus, transport of most of the solutes (mainly K + ) necessary for turgor control at guard cells and thus stomatal aperture occurs at the tonoplast. The tonoplast-localized K + /H + exchangers NHX1 and NHX2 regulate stomatal opening through K + uptake (Andres et al. 2014) . It is of primary interest that although NHX1 and NHX2 are transcriptionally controlled by ABA (Yokoi et al. 2002) , the direct regulation of K + flux activities of these transporters (e.g. by interaction with an ABA signal pathway component) remains obscure.
It is well known that ABA promotes stomatal closure, growth inhibition, leaf senescence and seed dormancy (Cutler et al. 2010 , Zhu 2016 . ABA also induces the expression of antioxidant enzymes and in turn enhances antioxidant activities, which protect the cellular functions required for many physiological activities including recycling nutrients during leaf senescence. It is difficult to distinguish whether ABA influences senescence as a long-term response that helps survival under extreme drought conditions or to initiate the end of the life cycle. The role of ABA in leaf senescence, abscission and longterm survival has remained somewhat obscure (Lim et al. 2007 , Cutler et al. 2010 . A recent study has helped distinguish the role that ABA has in enhancing leaf senescence and survival through downstream transcription factors that respond to ABA, including ABFs and RAV1 (related to ABI3/VP1) . Most studies and reviews mainly focused on the mechanism and importance of ABA-induced stomatal closure, growth inhibition and inhibition of seed germination. However, here we cover more recent discoveries of the influence and connection of long-term responses of ABA on leaf senescence, bud dormancy and osmotic regulation under extreme drought conditions (Fig. 1B) .
ABA Promotes Leaf Senescence and Drought Survival Through Core ABA Signaling
Leaf senescence occurs slowly and is associated with nutrient remobilization from the senescing parts to the developing meristems (buds) and storage parts of plants. Previous studies have suggested that ABA induces senescence by increasing biosynthesis of ethylene. However, a recent study has revealed that ABA also induces senescence through core ABA signaling in an ethylene-independent way . During leaf senescence, senescence-associated genes (SAGs) are induced. The expression of SAGs is mainly controlled by senescence-associated transcription factors, including several senescence-promoting, plant-specific no apical meristem (NAM), ATAF1 and cup-shaped cotyledons2 (CUC2) families transcription factors (NACs), such as Oresara1 (ORE1; also known as NAC092 and AtNAC2) (Kim et al. 2009 ), ORE1 sister1 (ORS1; also known as NAC059) (Balazadeh et al. 2011) , AtNAP (NAC029) (Guo and Gan 2006) and NAC016 (Kim et al. 2013b ). In contrast, leaf senescence is inhibited by the NAC family transcription factors Jungbrunnen 1 (JUB1; also known as NAC042) and vascularrelated NAC-domain-interacting 2 (VNI2; also known as NAC083) (Yang et al. 2011) . The SAGs are involved in macromolecule degradation (e.g. amino acid and RNA degradation), protein modification and degradation, transportation (e.g. transport of sugars, peptides, amino acids, cations and phosphate), antioxidation and autophagy (Buchanan-Wollaston et al. 2005) . The induction of SAGs enables the transfer of nutrients from senescing leaves to sink tissues during extreme drought conditions. ABA and dark conditions induce leaf senescence by activating expression of ORE1, AtNAP and OsNAP (ortholog of AtNAP) (He et al. 2005 , Guo and Gan 2006 , Liang et al. 2014 , Sakuraba et al. 2014 . Interestingly, the majority of the genes up-regulated by ORE1 (24 of 39) are also up-regulated by salt stress (Balazadeh et al. 2010) . ABA promotes leaf senescence through the ABA receptor PYL9 and other PYLs, PP2C co-receptors and SnRK2 protein kinases . For instance, drought-and ABA-induced leaf senescence is accelerated in pRD29A::PYL9 transgenic Arabidopsis and rice plants. As shown in Fig. 2 , SnRK2s phosphorylate ABFs and RAV1, which are positive regulators of ABA-induced leaf senescence (Woo et al. 2010 , Sakuraba et al. 2014 . The phosphorylated RAV1 and ABFs promote the expression of NAC transcription factors through ABRE motifs and/or RAV1-binding motifs in their promoter region . The ABFs ABI5 and EEL promote the expression of ORE1 by directly binding to the ABRE motifs in the ORE1 promoter (Sakuraba et al. 2014 ). These NAC transcription factors promote the expression of downstream SAGs, which in turn control leaf senescence (Guo and Gan 2006 , Uauy et al. 2006 , Kim et al. 2009 , Balazadeh et al. 2011 . The ABFs also induce Chl degradation by up-regulation of NYE1, NYE2, NYC1 and PAO . In contrast to the pRD29A::PYL9 transgenic lines, expression of SAGs is reduced in both snrk2.2/3/6 and abf1/2/3/4 lines relative to the wild type following ABA treatment (Nakashima et al. 2009 , Yoshida et al. 2014 ). In the transgenic lines that overexpress the active form of ABF2, several SAGs are significantly up-regulated without ABA treatment (Fujita et al. 2005 , Furihata et al. 2006 . Also, the ABA-induced leaf yellowing is less in the pyl9, pyl8pyl9, abi1-1, snrk2.2/3/6, ore1 and nac016-1 Arabidopsis mutants and OsNAP RNAi (RNA interference) transgenic rice than in the respective wild-type plants (Kim et al. 2011a , Kim et al. 2013b , Liang et al. 2014 . Taken together, these findings indicate that ABA promotes leaf senescence by activating ABFs and RAV1 via phosphorylation through the core ABA signaling pathway. In addition, osmotic stress could promote leaf senescence independently of core ABA signaling (Fujii et al. 2011 , which may be regulated by ABA and abiotic stress-responsive Raf-like kinase (ARK) (Saruhashi et al. 2015) .
The role of plant hormones in senescence has been extensively studied. Among them, ABA, ethylene, salicylic acid and jasmonic acid (JA) are known to promote senescence, whereas some hormones including cytokinin (CK) and auxin suppress it. These plant hormones affect stress responses and plant growth either through directly affecting senescence-specific mechanisms involving SAGs or by altering stress responses through developmental changes. There are several reports showing the impact of altered hormone homeostasis on the senescence phenotype. The genetically modified plants with delayed leaf senescence are also known as 'stay-greens' (Thomas and Howarth 2000) . It was previously shown that 'stay-green' can be generated by activating the production of CK through genetic modifications (Gan and Amasino 1995) , which resulted in drought resistance (Rivero et al. 2007 ). Several reports demonstrated that auxin functions as a negative regulator of senescence. Arabidopsis transgenic plants overexpressing Arabidopsis YUCCA6, an enzyme which functions in the biosynthesis of IAA, exhibit delayed senescence and drought resistance (Kim et al. 2013a , Kim et al. 2011b . Although the drought-tolerant phenotype of transgenic plants with significantly increased content of auxin or CK is observed, how an excess of senescence-suppressing hormones such as auxin and CK results in positive effects on water stress resistance is still unclear. Both CK and auxin play roles in various biological processes affecting plant growth and development. A high concentration of auxin causes general growth inhibition (Mahonen et al. 2014) , which results in reduced leaf area and reduced water consumption, and it may cause increased drought resistance. A high concentration of CK alters source-sink relations and nutrition deficiency in young leaves (Jordi et al. 2000) , which may limit shoot growth and reduce water consumption. Each hormone is produced through its unique biosynthesis pathway and has a distinct mode of action. However, many studies have shown the co-ordinated regulation of hormone biosynthesis and the synergistic or antagonistic hormone action. Both CK and auxin are antagonistic to ABA. It has been shown that CK and auxin inhibit ABA-induced stomatal closure through increased ethylene production (Tanaka et al. 2006) . Therefore, the mechanism of action of plant hormones in senescence and drought may involve complicated cross-talk with other hormones.
Senescence is followed by abscission, which leads to the shedding of entire organs and is essential for development (Ogawa et al. 2009 ). One of the first names for ABA was abscisin II. ABA together with ethylene and JA promote floral organ abscission (Ogawa et al. 2009 ). Abscission of organs occurs at an abscission zone (AZ) or dehiscence zone. ABFs are strongly expressed in the AZ, replum and funiculi of siliques (Kang et al. 2002 , Fujita et al. 2005 . These previous findings suggest that ABA may control abscission by regulating ABFs and other transcription factors. Anther dehiscence may be promoted by gibberellins or sugar transport (Kanno et al. 2016 ).
Seed Dormancy is the Ultimate Mechanism of Avoiding Death Caused by Limited Water
ABA promotes dormancy, and one of ABA's first names was dormin, whereas gibberellins repress dormancy and promote germination. As shown in Fig. 1B , ABA induces seed dormancy and growth inhibition and dormancy after germination (e.g. bud dormancy, tuber dormancy and corm dormancy) to help plants survive unfavorable environments (Rohde and Bhalerao 2007) . Most plants have a seed-to-seed life cycle for escaping extreme environmental conditions, such as drought and cold. Seeds can survive many years in a deep seed dormancy to maintain existence of a species. Plants may also have a budto-bud life cycle. Many perennials can survive cold winters or extreme drought using bud dormancy, whereas annuals also regulate axillary bud dormancy in response to water conditions. Dormancy must include the inhibition of DNA replication and cell division. ABA may inhibit mitosis by up-regulating ICK1/KRP1, which encodes a cyclin-dependent kinase inhibitory protein (Wang et al. 1998) . It is possible that ABA or drought stress inhibits the biosynthesis of growth-promoting hormones by phosphorylating and inactivating 3-hydroxy-3-methylglutaryl-CoA reductase (HMGR), which catalyzes the first step of isoprenoid biosynthesis. Isoprenoid is the precursor of many phytohormones including zeatin (a natural CK), gibberellins, brassinosteroids and ABA. HMGR is phosphorylated and inactivated in mammals by cAMP-dependemt protein kinase (MacKelvy 1975) , which is an ortholog of SnRK1s. Loss of function of HMGR1 leads to growth inhibition and early senescence (Suzuki et al. 2004) .
During seed dormancy, the expression of genes promoting ABA biosynthesis increases . ABA promotes seed dormancy through core ABA signaling ). The activated SnRK2s regulate ABA-responsive gene expression related to seed dormancy and growth inhibition mainly by phosphorylating ABFs such as ABI5 (Lopez-Molina et al. 2001) . Activated ABI5 functions in the up-regulation of Late Embryogenesis Abundant (LEA) genes such as AtEM1 and AtEM6. Furthermore, AtEM6 is required for normal seed development (Manfre et al. 2006) . ABI3 is a homolog of the maize transcription factor Viviparous-1 (VP1) and may regulate ABAresponsive genes by directly interacting with ABI5 (Nakamura et al. 2001) . Together with other ABA-related transcription factors, ABFs regulate expression of multiple downstream targets (L. .
The activated SnRK2s may also regulate gene expression through epigenetic modifications including chromatin remodeling and histone modification. The putative SnRK2 substrate Chromatin Remodeling (CHR) 2 represses postgermination ABA responses through repressing ABI5 expression (Han et al. 2012 , Wang et al. 2013 . Histone demethylases lysinespecific demethylase (LDL) 1 and LDL2 represses seed dormancy through Delay Of Germination (DOG) 1, which promotes and is essential for seed dormancy, by affecting the level of the miRNAs miR156 and miR172, and by regulating expression of ABI5 (Nakabayashi et al. 2012 , Zhao et al. 2015 , Dekkers et al. 2016 , Huo et al. 2016 . The promoter of DOG1 contains gene activation marks such as H3K4me3, H3K14ac and H3K9ac, and gene repression marks such as H3K27me3. Dormant seeds have a higher proportion of H3K4me3 and a lower level of H3K27me3, which is consistent with the higher expression of DOG1 (Footitt et al. 2015) . Light triggers the rapid accumulation of H3K27me3 and the depletion of H3K4me3, which is consistent with the repression of DOG1 expression by the active form of phytochrome B (phyB) (Jiang et al. 2016) . Interestingly, the putative SnRK2 substrate histone deacetylase 2 B (HD2B) is associated with seed dormancy (Yano et al. 2013) . Moreover, histone deacetylase 9 (HDA9) controls seed dormancy (van Zanten et al. 2014) , and acts with a SANT domain-containing protein POWERDRESS (PWR) in promoting leaf senescence . It is possible that ABA regulates epigenetic modifications and seed dormancy through phosphorylation of CHR2, HD2B and Nucleolin like1 (Wang et al. 2013 , Durut et al. 2014 .
Bud Dormancy Allows a More Temporary Avoidance of Death Caused by Insufficient Water
Bud dormancy during drought stress can be more important than seed dormancy because it can occur at any time in the life cycle. Perennial plants can temporarily cease meristematic activity in response to drought or cold stress (Rohde and Bhalerao 2007) . The role of plant hormones in bud dormancy has been extensively studied. Bud dormancy can be inhibited by CK and gibberellins (Ni et al. 2015 , Du et al. 2017 , and promoted by ABA and strigolactones (SLs) (Gomez-Roldan et al. 2008 , Umehara et al. 2008 , Yao and Finlayson 2015 . ABA accumulates in Arabidopsis axillary buds and polar apical buds, and may function in maintaining bud dormancy (Ruttink et al. 2007, Yao and Finlayson 2015) . ABA may promote axillary bud dormancy through SLs, which are phytohormones that inhibit axillary bud outgrowth (Gomez-Roldan et al. 2008 , Umehara et al. 2008 . In Arabidopsis, more axillary growth1 (MAX1), MAX3 and MAX4 are involved in SL biosynthesis, whereas MAX2 (also named ORE9) and BRANCHED1 (BRC1) function in SL response (Ruyter-Spira et al. 2013 ). The SL-deficient mutants max3-11 and max4-7, and the SL signaling mutant max2-3 have reduced sensitivity to ABA in terms of stomatal closure, germination and post-germination growth (Ha et al. 2014) . Moreover, BRC1 promotes ABA accumulation by regulating expression of 9-cis-epoxicarotenoid dioxygenase 3 (NCED3), which encodes a key enzyme involved in ABA biosynthesis Finlayson 2015, Gonzalez-Grandio et al. 2017) . Most genes associated with axillary bud dormancy are also induced during senescence, such as ORE1, AtNAP and MAX2/ORE9 (Buchanan-Wollaston et al. 2005 , van der Graaff et al. 2006 , Gonzalez-Grandio et al. 2013 ). These bud dormancy-associated genes contain a CACGTGt motif in their promoters, which is recognized by ABA-related b-ZIP transcription factors (Simpson et al. 2003 , GonzalezGrandio et al. 2013 ). These findings have indicated that ABA may promote bud dormancy and leaf senescence co-ordinately.
The regulation of bud dormancy and growth inhibition is crucial for survival under extreme drought stress. Previous studies demonstrated that ABA functions as a positive regulator of dormancy and drought resistance. Overexpression of ABA receptors or AREB1DQT confers enhanced dormancy and/or growth inhibition and drought resistance, whereas the ABAinsensitive mutants such as abi1-1, snrk2.2/3/6 and areb1 areb2 abf3 abf1 lose seed dormancy and the ability to survive drought (Fujita et al. 2005 , Fujii and Zhu 2009 , Santiago et al. 2009 , Yoshida et al. 2014 . Core ABA signaling controls dormancy and leaf senescence mainly by mediating ABA-dependent gene expression. Similar to seed dormancy, bud dormancy is also controlled by the ratio of red light to far red light through phyB and ABA signaling (Kebrom and Mullet 2016, Holalu and Finlayson 2017) . Seasonal bud dormancy is associated with histone modifications of Dormancy-Associated MADS-box (DAM) 6, a gene whose expression is high in dormant peach buds (Leida et al. 2012) . The expression of DAM6 is reduced before dormancy release, which is consistent with the decrease of gene activation marks such as H3K4me3 and H3ac around the translation start of DAM6 (Leida et al. 2012) . Whether and how ABA signaling regulates histone modifications needs to be investigated in the future. Chilling-induced dormancy release may share similar signaling components with vernalization, which silences a flowering repressor named FLC in dicots (Rohde and Bhalerao 2007) .
Senescence occurs in old leaves and leads to death, while dormancy occurs in buds and seeds and maintains life. This strategy is similar to summer dormancy which evolved naturally, and has been found in native cool-season perennial grasses in Africa and the Mediterranean (Volaire and Norton 2006) . Summer dormancy can be defined by four criteria: (i) reduction or cessation of leaf production and expansion; (ii) senescence of mature foliage; (iii) dehydration of surviving organs; and (iv, optional) formation of resting organs. Summer dormancy is correlated with excellent survival under extreme and repeated summer drought episodes. This trait has become important in perennial grass breeding programs (Volaire and Norton 2006, Blum 2011 ).
Long-Term Control of Water Use
Water moves from regions with higher water potential to those with lower water potential. During drought stress, the water potential of the root decreases so that water continues to move from the soil into the roots. At the same time, young leaves or buds, but not senescing leaves, can decrease their water potential through osmotic adjustment, which ensures that water flows to these sink tissues to support cell expansion and growth . Plant cells decrease their water potential by elevating the concentration of compatible osmolytes in the cytoplasm and the concentration of ions in vacuoles (Barragan et al. 2012) . Leaf senescence enables the plant to recycle nutrients by moving them from sources to sinks, which increases the uptake of compatible osmolytes by sinks. Growth inhibition and dormancy reduce the total volume and surface area of sink tissues. The concentrations of proline, glycinebetaine and sucrose are not increased and may even decrease in senescent leaves under osmotic stress, whereas these concentrations in younger leaves are significantly increased (Nakamura et al. 1996) . Under osmotic stress, proline biosynthesis is activated by up-regulation of D 1 -pyrroline-5-carboxylate synthetase (P5CS) through ABFs, and proline degradation is inhibited by down-regulation of the proline dehydrogenase gene (ProDH) (Kiyosue et al. 1996 , Yoshiba et al. 1997 . In sink tissues, osmotic stress activates proline biosynthesis by up-regulation of P5CS, and enhances K + uptake at the tonoplast by up-regulation of NHX1 and NHX2 (Barragan et al. 2012) . In source tissues, proline degradation is promoted by up-regulation of ProDH2 (Funck et al. 2010) , and phloem loading of sucrose is promoted by up-regulation of SWEET11-SWEET13 and SWEET15/SAG29 (Durand et al. 2016 . The sucrose efflux transporter SWEET15/SAG29 may function in phloem loading in senescent leaves . Moreover, ProDH2 and SWEET15/SAG29 are abundantly expressed in senescing leaves and in the AZ of floral organs (Funck et al. 2010) , and the expression of SWEET15/SAG29 is induced by ABA and osmotic stress through direct binding between ABF4 and the promoter of SWEET15/SAG29 . Osmotic regulation enables more water movement and retention in sink tissues, and even enables water movement from senescing leaves to newly developed leaves. However, this only occurs when the plant surface is well sealed, since the water potential of the atmosphere is extremely low under severe drought conditions. To limit non-stomatal water loss, plants accumulate cuticular wax on the shoot surface (Samuels et al. 2008) . Cuticular wax biosynthesis is promoted by R2R3-type MYB transcription factors MYB16, MYB94 and MYB96 , Oshima et al. 2013 , Lee and Suh 2015 , Lee et al. 2016 , and inhibited by the AP2/ERF-type transcription factor Dewax (Go et al. 2014) . ABA promotes cuticular wax biosynthesis through the core ABA signaling pathway by up-regulation of MYB16, MYB94 and MYB96, and down-regulation of Dewax , Cui et al. 2016 . The wax biosynthetic genes are more strongly induced after ABA treatment in pRD29A::PYL9 lines than in the wild type and are expressed at lower levels in ABA-insensitive mutants such as snrk2.2/3/6, abi1-1 and abf1/2/3/4 under ABA treatment and/or dehydration stress. This finding suggests that ABA promotes wax formation through the core ABA signaling pathway. Consistent with this finding, the wax biosynthetic -ketoacylCoA synthase genes (such as KCS2) and lipid transfer protein (LTP) genes (such as LTP4 and the LTP family genes At3g22620 and At5g13900) are significantly down-regulated in the areb1/ areb2/abf3 abf1-2 (abf1/2/3/4) mutant under dehydration stress or ABA treatment (Yoshida et al. 2014 , Lee et al. 2016 ). In addition, osmotic stress can increase cuticular wax formation independent of core ABA signaling (Cui et al. 2016) . Finally, water use efficiency can be increased by activation of ABA signaling through overexpression of ABA receptors (Yang et al. 2016) , or through expression of an engineered PYR1-based receptor, which is activated by the agrochemical mandipropamid (Park et al. 2015) .
Closing Comments
Whereas leaf senescence enhances water and nutrient remobilization during extreme drought conditions, it cannot improve photosynthesis and biomass yield during moderate stress. In contrast, 'stay-green' and other traits take advantage of maintaining photosynthesis, vegetative and reproductive growth under moderate drought stress by becoming hyposensitive to ABA and stress. However, 'stay-green' would make plants extremely vulnerable to an extended and extreme drought episode. Without irrigation, drought resistance based on extreme drought dormancy will be needed even in 'stay-green' plants. The two traits might be combined by the transgenic addition or modification of an inducer that activates senescence and bud dormancy in 'stay-green' crops only when extreme drought occurs. The resulting plants would exhibit improved photosynthesis and vegetative and reproductive growth under moderate limited water conditions, but activate senescence for nutrient and water remobilization and eventually bud dormancy to survive under extreme or extended drought conditions.
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